
Antimicrobial 

spectrum 
Antibiotics class 

Gram-positive bacteria Gram-negative bacteria 

Actinobacteria Firmicutes Proteobacteria Bacteroidetes 

Broad 

spectrum 

Penicillins 37.5 ±8.8 38.9 ±7.9 76.3 ±3.7 93.8 ±8.8 

Cephalosporins 76.0 ±17.2 79.6 ±14.8 92.1 ±7.3 95.8 ±6.5 

Carbapenems 9.4 ±0.0 0.0 ±0.0 31.6 ±0.0 62.5 ±0.0 

Fluoroquinolones 67.2 ±46.4 44.4 ±15.7 84.2 ±7.4 62.5 ±0.0 

Aminoglycosides 88.5 ±11.8 63.0 ±23.1 96.5 ±6.1 100.0 ±0.0 

Coumarin 

glycosides 
40.6 ±0.0 55.6 ±0.0 73.7 ±0.0 50.0 ±0.0 

Chloramphenicol 31.3 ±0.0 33.3 ±0.0 68.4 ±0.0 62.5 ±0.0 

Nitrofurantoin 81.3 ±0.0 11.1 ±0.0 89.5 ±0.0 62.5 ±0.0 

Rifampin 15.6 ±0.0 55.6 ±0.0 47.4 ±0.0 25.0 ±0.0 

Sulfonamide 

compounds S3 
75.0 ±0.0 66.7 ±0.0 84.2 ±0.0 75.0 ±0.0 

Tetracyclines 28.1 ±0.0 0.0 ±0.0 31.6 ±0.0 0.0 ±0.0 

Trimethoprim/ 

Sulfonamides 
53.1 ±0.0 44.4 ±0.0 94.7 ±0.0 50.0 ±0.0 

Narrow 

spectrum (G+) 

Macrolides 43.8 ±13.3 16.7 ±7.9 86.8 ±3.7 87.5 ±0.0 

Lincosamides 75.0 ±17.7 83.3 ±7.9 94.7 ±0.0 93.8 ±8.8 

Fatty acyls 93.8 ±0.0 77.8 ±0.0 100.0 ±0.0 87.5 ±0.0 

Glycopeptides 28.1 ±0.0 44.4 ±0.0 73.7 ±0.0 100.0 ±0.0 

Anaerobes Metronidazole 93.8 ±0.0 77.8 ±0.0 94.7 ±0.0 100.0 ±0.0 

CONCLUSIONS 
 The first bacterial strains isolated from the perennial ice accumulated since Late Glacial period in Scarisoara Cave.  

 The first characterization of a climate-dependent antibiotic resistance profile from a cave.  

 The first culture-based evidence of the existence of bacterial resistome and antimicrobial compound production from this 

type of icy environment. 

 Promising candidates for understanding the evolution of environmental resistome and discovering new antimicrobial agents 
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The unique physiology of cold-environment microbiomes 

constitute promising leads for the discovery of new bioactive 

compounds, with largely unexplored antibiotic resistance and 

antimicrobial potential of bacteria isolated from perennial ice 

caves. 

Our study focused on the characterization of bacterial strains 

isolated from a 13,000-years old ice core chronosequence of 

Scarisoara Ice Cave, Romania.  

The 68 bacterial isolates provided the first isolated bacterial 

strains from this perennial ice accumulated since Late Glacial 

period, belonging to Proteobacteria, Actinobacteria, Bacteroidetes 

and Firmicutes, and the first culture-based evidence of the 

existence of bacterial resistome and antimicrobial compound 

production from this type of icy environment. 

INTRODUCTION Scarisoara Ice Cave 

Test pathogen 

Cave isolates 
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Staphylococcus aureus ATCC 25923 + + + + + + + + + + + 

Escherichia coli ATCC 25922 + + + + + + + - + - + 

Enterobacter cloacae 19069 ONE2 + + - + + + + + + + + 

Enterobacter cloacae 19069 ONE3 + + + + + + + + - + + 

Pseudomonas CN11 + + + + + + + + + + + 

Pseudomonas aeruginosa 19053 CNE5 - + + + + + + + + + + 

Pseudomonas aeruginosa 19053 CNE6 - - + + + + - - - + + 

MRSA 19081 F1 + + + + + + + + + + + 

Klebsiella 19094 CK1 - - - - - - + - - - + 

Klebsiella 19094 CK2 - - - - + + - - - - + 

Klebsiella 19094 CK3 - - - - - - - - - - + 

Enterococcus falcium 19040 E1 + - - - - + - - - - + 

Enterococcus falcium 19040 E2 + - - - - + - - - - + 

Enterococcus falcium 19040 E3 + - - - + - - - - - + 

Total 9 7 7 8 10 11 8 6 6 7 14 
Pseudomonas CN11 Pseudomonas CNE5 Escherichia coli ATCC 25922 

Taxonomy and growth temperature 

Climate impact on antimicrobial resistance 

Antibiotic resistance 

Antimicrobial activity 

S. aureus ATCC 25923 Psychrobacter SC65A.3 strain Pseudomonas SC97A.1 strain 


